According to environmental Kuznets hypothesis, inverted "U" relationship exists between environmental quality and economic development. Along with economic growth, environmental quality will be presented a trend that first gets worsening and then gets improved [1]. The agricultural environment efficiency will be presented a trend that first decreases and then increases along with agricultural nonpoint source pollution changes at different stages of economic development [2] . In order to verify whether such relationship exists in various provinces of China's agricultural production, this paper is based on accounting for agriculture pollution emissions per province of China, and calculates the agriculture environmental efficiency in various provinces of China of 20 years in 1992-2011 based on SBM model. On this basis, further study on the relationship between the agriculture environmental efficiency and economic growth has been done. The result shows that causal relationship exists between agriculture environmental efficiency and China's economic growth, and the curve between agriculture environmental efficiency and economic growth is showing "U" shape, indirectly verified the EKC hypothesis.
Introduction
As a large agricultural country, agriculture economic development has always been a focus of China's economic * This paper is the initial result of general project of central university basic research (project number: SWU1309246).
development [3] . However, with the rapid economic growth, on one hand, the development and utilization of resources are growing and the investment in modern agricultural production factors is increasing, which has exceeded the carrying capacity of environment itself, causing serious pollution to the environment; on the other hand, the excessive consumption of resources and environment's deteriorating will affect the sustainable development of economic. The relationship between economic development and agriculture ecological environment is often contradictory, in which the major contradiction is the contradiction between economic growth's infinite demand on agricultural resources and limited supply of agricultural resources [4] . Without economic development, agriculture environmental issues will not be solved; and without agriculture environmental and resource issues be solved, it is difficult to maintain sustainable economic development.
Due to the pesticide and fertilizer application techniques are not standardized, turnover rates of fertilizer are high, only about 1/3 are absorbed by crops, far beyond the upper limit of safety standard in developed countries [5] . Currently the main way to increase agricultural output is a large number of inputs of chemical fertilizers, pesticides and plastic sheeting and other factors of production, which increase the pressure on agricultural nonpoint source pollution [3] . Increasing the scale of livestock farming has solved the effective supply of urban and rural markets of animal products to a certain extent, but also in large part, has caused the seriously impact on the surrounding environment. There are about 1.73 billion tons excrements of livestocks produced in China annually, and such pollution is the most common kind of pollution of livestock pollution. Nitrogen, phosphorus and hydrocarbons in manure go into water by erosion, which is likely to cause biochemical oxygen demand, chemical oxygen demand index to rise. In addition, China has about 1.77 billion tons annual production of straw, the straw sources including wheat straw, rice straw, yellow dry corn stalks, etc., and "the burning of straw" pollution problem in rural areas is the main problem China is facing in agriculture sustainable development.
According to Kuznets inverted "U" hypothesis, at the early stage of economic development the pollutant emissions increase with economic development, when the economy is developed to a certain stage pollutant emissions decreases with further development of the economy. That is to say in a country or region, the pollutant emissions of economic development in different time periods will inevitably experience a process that first increase and then decrease. And agriculture environmental efficiency will show the change that first decreases and then increases with changes of agricultural nonpoint source pollution in different economic development stages. In order to verify whether such relationship exists in various provinces of China's agricultural production, this paper is based on accounting for agriculture pollution emissions per province of China, using relevant model to calculate the agriculture environmental efficiency in various provinces of China of 20 years in 1992-2011. Through co-integration analysis and Granger test, it examines and analyzes the internal relation between economic development and changes of agriculture environmental efficiency. Finally, on the basis of argument of co-integration relationship exists between economic development and agriculture environmental efficiency, it uses panel data from all provinces of China to examine the relationship between economic growth and agriculture environmental efficiency and the shape of curve, and tries to indirectly verify the EKC hypothesis.
Definition of Concept Environmental Efficiency [6]
The concept of environmental efficiency can be traced back to the 1970s (Freeman), and there were two statements-"environmental efficiency" and "eco-efficiency". In 1992, the World Business Council for Sustainable Development (WBCSD) treated eco-efficiency as a business concept for the first time, and pointed out that enterprises should combine environmental and economic development, to face the challenges of sustainable development, proposed that environmental efficiency refers to the ratio of the economic value of products and services to meet human needs and the environmental load, that is, the unit economic value of environmental load; In 1998, OECD extended this concept to government, industrial enterprises and other organizations, and pointed out that the ecological efficiency is a kind of efficiency to measure biological resources meet human needs; the efficiency value is the ratio of the economic value of products or services and the sum of the environmental pollution or destruction produced in production. In addition, some scholars have measured the environmental efficiency, that environmental efficiency is the ratio of the smallest possible value of a variety of harmful inputs and actual usage; environmental performance is the ratio of the added value and the resulting environmental damage loss. These references are from both economic and environmental aspects, environmental efficiency value is the ratio of added economic value and environmental impact, and it is the comprehensive measurement of the envi-ronmental impact of resource use and economic activities. Environmental efficiency evaluation is concerned about the impact of the production process evaluated on the environment, and it also evaluates the economic value of the production activities, namely, economic and environmental benefits.
Combined with the current definition and calculation method on the concept of environmental efficiency, a definition of agriculture environmental efficiency is given tentatively: agriculture environmental efficiency refers to take each province or region as a decision-making unit, in the same period, and in the agricultural production of an decision-making unit, the ratio of the economic value of products and services meets human demand and the environmental pollution and destruction loss from this.
Environmental Efficiency Evaluation Methodology
From the research literature [7] - [21] , the research of environmental efficiency still focuses on the non-parametric DEA technical aspects, while the research for the statistical properties of non-parametric DEA efficiency model with consideration of undesirable outputs is still rare. The domestic and foreign scholars' research mainly focused on the environmental efficiency of industry, and the research on agriculture environmental efficiency is relatively few. Therefore, this paper is based on accounting for agriculture pollution emissions per province of China, studies the agriculture environmental efficiency, and makes correlation analysis on agriculture environmental efficiency and economic growth.
Environmental efficiency evaluation began with researchers' concerns on limiting carbon dioxide emissions generated in the process of energy use; then some researchers began to concern the reduction of greenhouse gas emissions, and had given the multi-objective decision analysis model and ICLIPS evaluation methods and so on. These methods are summed up: life cycle method, multi-criteria decision making method, stochastic analysis method, distance function method, and data envelopment analysis method [7] [8] [13] - [15] [18] . In 1989 Fare proposed the data envelopment analysis model to evaluate the environmental efficiency, attracting a large number of scholars to research theoretical modeling and application of environmental efficiency, greatly enriched the theoretical system, and expanded the scope of application of data envelopment analysis [22] [23] . This paper based on SBM model established by Tone (2001), an environmental efficiency evaluation model containing non-desired output has been built, overall considering the effects of inputs, expected outputs and undesirable outputs on environmental efficiency.
Model and Data

SBM model Tone has two important features:
1) The results of efficiency measure is not affected by the measuring unit used in the input and output items.
2) Efficiency value and each is monotone decreasing the difference between the input and output. For there are m and s kind of input-output production, we can get production may be set: The form of the objective function to model, we can see clearly, SBM model with the method of the ray type directly the slack variable is introduced into the objective function, relative to the linear way, because takes into account all the slack variables, can more accurately to evaluate the efficiency value.
We can observe that, for
is always set up, thus Y means the outputs amount on the leading edge, Bλ means the undesirable outputs [13] .
Since 1992, China's economy has been developing rapidly; the agricultural economy has also been developed on a certain degree. But the agricultural nonpoint source pollution as also expect a undesired outputs is also substantially increasing, it can be said, in some regions in China, the agricultural development is acquired at the expense of the environment [3] [16] [17] [19] . We collected data from 1992 to 2011 of those 20 years. The input indicators are selected from labor of all provinces (the total labor force of agriculture, forestry, animal husbandry and fishery, excluding industry and services), land (total sown area), agricultural machinery (total power of agricultural machinery, excluding non-agricultural purposes), irrigation (actual effective irrigation area) and the amount of plastic film. The desired output is selected as each province's total output value of agriculture, forestry, animal husbandry and fishery at the end year. Undesired output is selected as the agricultural nonpoint source pollution in various provinces, and the selected indicators in this paper include fertilizer and pesticide pollution, agricultural solid waste pollution and animal excretion pollution.
The fertilizer and pesticide pollution emission indicator is expressed by input density, i.e. the amount of fertilizers and pesticides into crops per unit area. The agricultural solid waste pollution emissions indicator is expressed by the amount of straw produced per unit area of crop, in which, the ratio of gain production and straw amount is 1 to 1.5. The animal excretion pollution emission indicator is expressed by excretion density, i.e. the livestock manure excretion amount per unit arable land. Manure excretion amount = coefficient of annual excretion × number of breeding, drawing correlational research, the coefficient of annual livestock excretion is acquired (see : Table 1 ). The data sources in the study are on the basis of "China Statistical Yearbook", Statistical Yearbook of various provinces and database of National Statistics Bureau Statistics. Taking into account that Chongqing became a municipality in 1997, and therefore it was included in the Sichuan Province.
As can be seen from the Table 2 , all kinds of nonpoint source pollution showed a growth trend over the years. It has proved that the agricultural economic growth is accompanied by heavy pollution in China. China just entered the mid-industrialization and agricultural nonpoint source pollution is a product of industrialization. The agricultural production form with features of high investment, high-pollution has completely replaced the earlier traditional agriculture. On one hand, the agricultural production has greatly increased; on the other hand, has also resulted in the loss of soil fertility, severe soil erosion, desertification and salinization of soil and other ecological problems. In the initial stage of industrial development, due to the use of agricultural resources and agroindustrial products, agricultural producers must improve the efficiency of land use, the high-yield and highpolluting pesticides which can be partially replaced soil fertility are widely used. However, due to the development of backward industrial technology, these chemicals utilization efficiency is very low, the greater the loss, the more investment, resulting in growing nonpoint source pollution. Therefore, China is still in the phase that the development of industrialization and agricultural nonpoint source pollution keeps rising.
Measurement Results Analysis
Based on SBM model, treat various provinces as DMU, the agro-environmental efficiency values for each province has been calculated. Due to space limitation, here we only list the agricultural environmental efficiency value in 1992, 2001 and 2011. From the Table 3 , we can see that the provinces with high environmental efficiency are mainly concentrated in the eastern coastal regions, such as Beijing, Tianjin, Shanghai, Guangdong and Hainan, and relatively remote Tibet's efficiency value is high. And provinces which as major agricultural province Jiangxi, Shandong, Heilongjiang, Henan, Sichuan, Anhui, Hunan, Hebei, Jilin, etc. their agriculture environmental efficiency values are generally low. This may be because the economic development of coastal regions is early, major for industrial development, and relevant environmental protection and policies and measures are introduced, focusing on the impact on environment; Tibet as a remote western province, with slow economic development, and science and technology is relatively backward, meanwhile because of the geographical environment, the process of agriculture development is accompanied with less pollution, so the environmental efficiency is relatively high; while large agricultural provinces in the process of agriculture development, heavily relying on the use of pesticides and fertilizers and plastic sheeting, has brought more pollution in the rapid development of agricultural economy, so the agriculture environmental efficiency shows lower level. We can learn from the table that the environmental efficiency values show first decrease and then increase. According to environmental economics theory, the experienced Environmental Kuznets hypothesis (EKC) exists between environmental quality and economic development, i.e. the curve of economic growth and environmental pollution has a feature of inverted "U"-type. Agricultural nonpoint source pollution is a result of economic development, the change that first increase and then decrease will be presented in different stages of economic development; and the agriculture environmental efficiency will show the change that first decrease and then increase along with the change of agricultural nonpoint source pollution at different stages of economic development.
The investigation for the intrinsic relationship between the national economic development and agriculture environmental efficiency includes the co-integration analysis and Granger causality test; on the basis of verifying there is co-integration relationship between agriculture environmental efficiency and economic development, use the panel data of all provinces to indirectly test EKC theory.
Economic growth: per capita GDP growth rate (Y). Agriculture environmental efficiency: calculated based on SBM model (X).
From the Table 4 , we can see that the P = 0.0052, should reject the null hypothesis that the data is not stable. It can be seen that the time series is stationary.
From the Table 5 , we can see that the P = 0.0002, should reject the null hypothesis that the data is not stable. It can be seen that agriculture environmental efficiency is stationary.
Thus, according to Granger's co-integration theory. According to the original assumption of the P values, P = 0.4365 and 0.2266, under the 0.05 significance level did not reject the null hypothesis, the co-integration relationship between economic growth and agriculture environmental efficiency does not exist, that is, in short term economic growth and agriculture environmental efficiency is not related ( Table 6) .
Whether there is long-term equilibrium relationship between economic development and between agriculture environmental efficiency, Granger causality Test need to be done. From the test results Table 7 , according to the original assumption of the P values, P = 0.0620 and 0.0060, under the 0.05 significance level reject null hypothesis: there is no causal relationship. It can be seen that economic growth Y is the Granger cause leading agriculture environmental efficiency X change, but also agriculture environmental efficiency X is the Granger cause of economic growth Y. The above conclusion shows that there is bidirectional causality between China's per capita GDP change and agriculture environmental efficiency change.
The empirical survey for the long-term equilibrium relation and Granger causality between agriculture environmental efficiency and economic growth in China from 1992 to 2011 has been done, obtained the following timing relationships results: perform stationary test to the timing data, found that there is integration phenomenon in agriculture environmental efficiency and per capita GDP variable. Through Granger Causality Test methods the two-way causal relationship between agriculture environmental efficiency and per capita GDP has been investigated. It can be found that causal relationship exists between agriculture environmental efficiency and China's per capita GDP, showing that along with economic development, agriculture environmental efficiency is low and we are seeking economic growth with the loss of environmental protection. Change of economic growth is an important reason for nonpoint source pollution and environmental efficiency change. When the level of economic development is low, environmental degradation is also at a lower level; while economic development is accelerating into era of industrialization, along with the intensity of agriculture and other resource development increasing and the rise of large-scale machine industry, the resource consumption rate will exceed renewable resources rate, and the produced toxic waste pollution the quality of environment, making environmental degradation; but when the economy develops to a certain level, into the post-industrial era, clean industrial and economic structure is to be transformed, along with the improvement of consumer and environmental awareness, take a greater emphasis on implementation of environmental laws and regulations. The government has sufficient funds for technological innovation and environmental protection investment, thus the environmental quality will get improved.
In order to further examine the relationship between agriculture environmental efficiency and economic growth, while once again indirectly validate EKC hypothesis, use the panel data from all provinces to do further empirical test.
As can be seen from the Table 8 , according to the various inspection methods P values, P values are 0.0000, under the 0.01 significance level declined to the original assumption: the data is not stable. The panel unit root of economic growth is steady.
From the Table 9 , according to the various inspection methods P values, P values are 0.0000, under the 0.01 significance level declined to the original assumption: the data is not stable. The panel unit root of agriculture environmental efficiency is also steady.
It can be found from the Table 10 , according to the original assumption of the P values, P = 0.0015 and 0.0036, under the 0.01 significance level reject null hypothesis: there is no causal relationship. Bidirectional causality exists between economic growth and agriculture environmental efficiency. This is aligned with the national data analysis results. Further study the relationship between agriculture environmental efficiency and economic development, which is the relationship that first decrease and then increase and thus indirectly validate EKC theory.
According to Hausman test, according to the original assumption of the P values, P = 0.0040, under the 0.01 significance level declined to the original assumption: using random, so using fixed effects model, it can be seen from the regression equation of fixed effects: 2 X 97.70853 1.511859Y 0.746648Y = + − , the coefficient of YY 1.511859 0 = > , so the curve between agriculture environmental efficiency and economic growth is showing "U" shape, that is to say along with different economic development stages, agriculture environment efficiency showing the change that first decrease and then increase, and agricultural nonpoint source pollution the amount of pollution will show the change that first increase and then decrease in different stages of economic development. This has indirectly verified the EKC hypothesis ( Table 11) .
From the "U" shape of China's economic development and agriculture environmental efficiency, it can be seen that with the economic development, the agriculture environment efficiency level will gradually slow down and towards improvement. However, from the current status quo of view, there is still a certain distance away from the turning point, agricultural nonpoint source pollution still continues to deteriorate, and environmental efficiency of agriculture in most provinces stays at the left side of shaped "U". In recent years, due to agricultural nonpoint source pollution is more serious in China's economic development; the agriculture environment efficiency is getting increasingly low. Controlling agricultural nonpoint source pollution, improving the efficiency of agricultural environment, strengthening environmental policy intervention is the key, which includes not only economic structural adjustment and technological progress, but also need government to improve environmental management ability. Guide farmers according to the government's environmental policy, educating farmers greatly increase environmental awareness, taking into account agricultural environmental protection in production process, technology adoption will be more green and rationalized, such behavior is a necessary option to reduce the transition value and a lower inflection point. 
Basic Conclusion
This paper has investigated agriculture environmental efficiency of various provinces in China based on SBM model, and conducted correlation analysis for agriculture environmental efficiency and economic development. Through the study it is found that the mutual Granger causality exists between economic growth and agriculture environmental efficiency. With the economic development, agriculture environmental efficiency is low and we are seeking economic growth with the loss of environmental protection. Change of economic growth is an important reason for nonpoint source pollution and environmental efficiency change. We also found that economic growth and agriculture environmental efficiency are presenting change in "U" shape; agricultural nonpoint source pollution is a result of economic development, and the change of increase and decrease will be presented in different stages of economic development; and the agriculture environmental efficiency will show the change that first decreases and then increases along with the change of agricultural nonpoint source pollution at different stages of economic development. It also has indirectly verified the EKC hypothesis. Only effective control of agricultural nonpoint source pollution is in place, and development and promotion of agricultural technology have been improved. The agriculture environmental efficiency and economic growth can reach the turning point faster, making agriculture environmental efficiency changed to the right side of the "U" shape to achieve sustainable development.
